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ACIDIC SOY PROTEIN GEL FOODS AND PROCESS FOR PRODUCING THE SAME 



(57) The present invention is intended to provide 
acidic gel foods containing soybean protein to diversify 
means of taking soybean protein in daily eating habits. 
Using the acid-soluble soybean protein as specified in 
the description, an aqueous solution or an alcohol-con- 
taining aqueous solution of the protein is adjusted to pH 



3 to 4.5. Then an acid having 2 or more acid groups per 
molecule or Its salt or a salt of another acid is added 
thereto and the mixture is heated to form a gel. Thus, 
acidic gel foods including a jelly-like food favorable as 
a food can be obtained. 
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Description 

Technical Field 

5 [0001] The present invention relates to foods containing soybean protein, particularly acidic gel foods, especially 
jelly-like gel foods containing soybean protein, which increases means of taking protein in eating habits, and to a 
process for producing the same. 

Background Art 

10 

[0002] Soybean protein has been utilized as an excellent source of food protein for a long time. In addition, since 
soybean protein has various functional properties such as emulsifying property and gel-forming property, it has been 
widely used as a food material or a food-improving material for edible meat products, fishpaste products, side dishes, 
bread, confectionery and a raw material for beverage. Further, it has been recently found that soybean protein reduces 

15 a blood cholesterol level and then its nutritional and physiological functions have been drawn attention. 

[0003] Conventional means of positively taking soybean protein are "side dishes" such as tofu (soybean curd), fried 
tofu, natto (fermented soybeans) and the like. In addition, there is a type of soybean protein foods such as protein 
powder and a protein bar. However, these foods are all in the neutral range. There are no dessert foods with an acid 
pH, for example, a dessert prepared using a combination of soybean protein and fruit juice. Thus, means. of eating 

20 soybean protein are limited. Among dessert foods, jelly can provide enjoyable mouth feeling and throat feeling and 
thus can provide an eating scene different from beverage. 

[0004] Foods prepared by utilizing the gelation property of soybean protein include yuba (soybean curd skin) and 
frozen tofu in addition to the above-mentioned tofu, and they have been traditionally eaten for a long time. A gel of 
soybean protein has characteristics different from a gel of other protein materials derived from milk or eggs and a gel 

25 of polysaccharides such as carrageenan or agar in the mouth feeling, gel properties, nutrition and the like. However, 
traditional foods such as tofu are prepared by utilizing the gelation property of soybean protein in the pH range form 
neutral to lower acid (i.e. a pH above the isoelectric point of soybean protein) and at present there are no foods prepared 
by utilizing the gelation property of soybean protein in the acid range (below the isoelectric point), for example, gel 
dessert foods prepared using a combination of soybean protein and fruit juice. 

30 [0005] Although soybean protein typically has an excellent gelation property in the neutral range, it does not exhibit 
the gelation property in the acid range. This is due to the following reason. Soybean protein dissolves in the neutral 
range and then exhibits the gelation property. On the other hand, at below pH 4.6, i.e. the pH range (pH 3.0 to 4.5) of 
so-called acidic foods (see the non-patent document 1 ), soybean protein hardly dissolves and then can not exhibit the 
gelation property. This is due to the pH of acidic foods equal to or in the vicinity of the isoelectric point (about pH 5) of 

35 soybean protein. Thus, many processed foods containing a high concentration of soybean protein which can provide 
soybean protein efficiently have been limited to foods with a neutral or slight acid pH as described above. Therefore, 
soybean protein foods prepared by utilizing the gelation property of soybean protein in the acid range are extremely 
expected to increase means of taking soybean protein and diversify soybean protein foods. 

[0006] Many of conventional techniques relating to utilization of soybean protein for acidic foods are mainly directed 
40 to prevention of the aggregation and/or precipitation of soybean protein in the acid range in producing acidic beverages. 
For example, an addition of a stabilizer such as pectin (see the patent document 1 ) : an addition of an emulsifier such 
as a sucrose fatty acid ester having an HLB of 13 or more (see the patent document 2), a method of suppressing the 
aggregation of soybean protein due to passing through the isoelectric point (see the patent document 3 and 4) and 
the like are known. However, these methods do not make the protein itself soluble. Thus, the soybean protein treated 
45 with these methods does not exhibit the functional properties of the protein itself such as the emulsifying property and 
. the gel-forming property, let alone provide a clear gel, and thereby a type of foods for which these methods are used 
is limited. In addition, in order to minimize the aggregation of the protein due to passing through the isoelectric point, 
the concentration of the protein needs to be lower. 

[0007] As described above, although soybean protein foods prepared by. utilizing the gelation property of soybean 
so protein in the acid range have been potentially in great demand, a method of allowing soybean protein to gelate in the 
acid range has not be found because of the poor solubility of soybean protein in the acid range and thus, to date such 
foods have been not produced. 

[0008] The present invention is to provide gel foods of soybean protein, especially jelly-like foods, prepared by utilizing 
the gel-forming property of soybean protein in the acid range, which provide a variety of eating habits in taking nutri- 
5 $ tionally excellent soybean protein, and to provide a process for producing the same. 
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References: 
[0009] 

Non-patent document 1 : Ed. Isao SHIBASAKI, "Sakkin and/or Jokin Ohyo Handbook (Sterilization and/or Disin- 
fection Application Handbook)", SCIENCE FORUM : 1985, p. 28; 
Patent document 1: JP-A 54-52754; 
Patent document 2: JP-B 59-41 709; 
Patent document 3: JP-A 7-1 6084; 
10 Patent document 4: JP-A 2000-77; 

Patent document 5: WO02/67690 



Disclosure of Invention 

[0010] The present inventors studied intensively and as a result, found that acidic gel foods containing a high con- 
centration of soybean protein and having a high nutritional value and good mouth feeling were obtained by using the 
below-described acid-soluble soybean protein, the resulting gel was heat-irreversible, that is. not dissolved by heating 
again, and syneres.s was not observed during freezing and thawing of the gel. They further studied the gelation con 
drtion such as the protein concentration, pH, the type and concentration of salts, heating temperature, heating time 
additives and the like, and finally accomplished the present invention. The present invention relates to a process for 
producing acidic gel foods of soybean protein which comprises heating an acidic solution of an acid-soluble soybean 
protein in water or a mhrture of water and alcohol as it is or after subjecting said solution to one or more of adjustment 

3 ° r a " acid and addition of an ani °nic polymer, and to the gel foods thus obtained 
1 ? X k ?™ S ° ybean Pr ° tein ' Wh6n USed in the present inve "tion, refers to a soybean protein having a 

solubriity of 80% or more at P H 3.0 to 4.5. A method of producing the acid-soluble soybean protein is not particularly 
limited. For example, a solution containing soybean protein is subjected to one or both of (a) removal or inactivation 
of poyan.on.c substances which are derived from the protein contained in the solution and (b) addition of a polycationic 
substance to the solution and then heated above 100«C at pH below the isoelectric point of the protein to obtain the 
acid-soluble soybean protein. The solubility as used herein is determined by dispersing protein powder in water so 
that the protein concentration is 5.0% by weight,, stirring thoroughly the dispersion, adjusting the pH if necessary 
centr. ug.ng the solution at 10,000 G for 5 minutes, and then determining the proportion of the supernatant protein in 
the total protein by a protein determination method such as Kjeldahl method or Lowry method. 
[0012] Therefore, the present invention relates to: 

(1 1 ) a process for producing acidic gel foods of soybean protein, which comprises heating a 4-20% by weight solution 
of an acid-soluble soybean protein in water or a mixture of water and alcohol with pH of 3.0-4 5 as it is or after 
subjecting said solution to any one or more of (A) adjustment of said solution to pH 3.0-4.5, (B) addition of an acid 
having two or more acid groups in one molecule or a salt thereof, (C) addition of a salt of an acid other than the 
acid used in (B), and (D) addition of an anionic polymer; 

(2) the process for producing acidic gel foods of soybean protein according to the above (1), wherein the acid- 
soluble soybean protein has a solubility of 90% or more at pH 4.5 or lower; 

(3) the process for producing acidic gel foods of soybean protein according to the above (1), wherein the amount 
of the acid or a salt thereof added in (B) is 0. 1 -1 0 mM; 

45 ^l?^ P ?°!!f I 0 ' producin 9 «*lic gel foods of soybean protein according to the above (1 ), wherein the amount 

45 of the salt added in (C) is 5-200 mM; 

! P , r °f 6SS f ° r producin 9 acidic 9 el ,oods of soybean protein according to the above (1 ). wherein the amount 
added of the anionic polymer is 2-30% by weight of the amount of the protein- 

(6) the process for producing acidic gel foods of soybean protein according to'the above (1), wherein the heatinq 
is carried out at 60°C or more for 1 0 minutes or more; and 

(7) acidic gel foods which are obtained by the process according to any one of the above (1 ) to (6). 
Brief Description of Drawings 
[0013] 

FIG. 1 is a graph showing the solubility of an acid-soluble soybean protein and an isolated soybean protein 

H , 2 ,s a grapn show ' n 9 the gel-breaking loads of an acid-soluble soybean protein and an isolated soybean 
protein. 7 



15 



20 



25 



30 



35 



40 



50 



55 



3 



COD: <EP 1537787A1 J_> 



EP 1 537 787 A1 



FIG. 3 is a graph showing the solubility of an acid-soluble soybean protein and milk whey proteins. 

FIG. 4 is a graph showing gel the breaking loads of an acid-soluble soybean protein and milk whey proteins. 

Best Mode for Carrying Out the Invention 

5 

[0014] Hereinafter, preferred embodiments of the present invention will be described. An acid-soluble soybean pro- 
tein used in the present invention may be any soybean protein having a solubility of 80% or more at pH 3.0 to 4.5. 
[0015] The acid-soluble soybean protein is obtained, for example, by a method described in the above patent doc- 
ument 5. The method comprises subjecting a solution containing soybean protein to one or both of (a) removal or 
10 inactivation of polyanionic substances which are derived from the protein contained in the solution and (b) addition of 
a polycationic substance to the solution, adjusting the solution to pH 2.3-4.3 below the isoelectric point of the protein 
(i.e. more acid pH range than the isoelectric point), and then heating the solution above 1Q0°C. After heating, the pH 
of the solution may be 4.5 or less. The solution may be dried to obtain powder and the powder may be then dissolved 
prior to use. The polycationic substance used in (b) includes chitosan. The removal or inactivation of polyanionic sub- 
's stances in (a) includes removal or inactivation of phytic acid. The removal or inactivation of phytic acid may be accom- 
plished by, for example, one or both of treatment with phytase and addition of a divalent or more metal ion. The heating 
above 1 00°C in the acid range below the isoelectric point of the protein may be carried out, for example, by a steam 
injection method. 

[0016] By the above method, an acid-soluble soybean protein whose main component is globulin can be produced 
20 which has a solubility of 90% or more at pH 4.5 or lower, a transmittance (a 5% by weight protein solution) of 20%T or 
more at 600 nm and a 0.22M/TCA solubility of 20% or less. The transmittance (%T) as used herein is determined by 
dispersing protein powder in water so that the protein content is 5.0% by weight, stirring thoroughly the dispersion, 
adjusting pH if necessary, and then measuring the transmittance (%T) at 600 nm with a spectrophotometer (U-3210 
autographic spectrophotometer manufactured by Hitachi Ltd.) using a 1 cm cell. The TCA solubility (%) is an index of 
25 the degradation of protein and determined by dispersing protein powder in water so that the protein content is 1 .0% 
by weight, stirring thoroughly the dispersion and then determining the proportion of a 0.22 M trichloroacetic acid (TCA)- 
soluble protein in the total protein of the resulting solution by a protein determination method such as Kjeldahl method 
or Lowry method. However, as described above, the acid-soluble soybean protein used in the present invention is not 
limited particularly as long as it has a solubility of 80% or more at pH 3.0 to 4.5, and it is not limited by the transparency 
30 either. . 

[0017] The acid-soluble soybean protein molecules used in the present invention have positive surface charges in 
a solution having pH 4.5 or less because the pH is below the isoelectric point. Thus, electrostatically repulsive force 
due to the positive charges of the molecular surface acts between the molecules. Simultaneously, hydrophobic attrac- 
tive force acts between the hydrophobic regions of the molecules. The gelation of the acid-soluble soybean protein is 
35 controlled by a balance between the electrostatically repulsive force and the hydrophobic attractive force. In other 
words, when the electrostatically repulsive force is reduced, the hydrophobic attractive force acts strongly and the 
protein molecules are entwined with each other to form a dimensional network of gel, which is heated to accomplish 
the gelation. 

[001 8} For reducing the electrostatically repulsive force, the pH of the solution may be adjusted close to the isoelectric 
40 point of the protein to reduce the positive charge on the molecular surface, or the ion strength of the solution may be 
increased to block the electric repulsive force. Adjustment of the pH of the solution or addition of a salt (except for "a 
salt of an acid having two or more acid groups in one molecule" described later) meet such objectives. In this regard, 
it is necessary to adjust the pH to 3.0 or more when the pH is lower than 3.0, but it is not always necessary to adjust 
the pH when thepH is 3.0-4.5. In order to obtain the desired gel properties, if necessary, the pH may be further adjusted 
45 within pH 3.0-4.5. It is more preferable to adjust the pH to pH 3.0-4.3 because even if the protein concentration is 
increased, the protein hardly aggregates within the pH range. 

[001 9] Alternatively, the protein molecules having positive charges may be bridged with an anion having two or more 
dissociated acid groups to effectively form a dimensional network of gel. This is accomplished by addition of an acid 
having two or more dissociated acid groups in one molecule or a salt thereof, or an anionic polymer. The anionic 

so polymer may or may not have a gelating ability. 

[0020] Another factor for gelation is the protein concentration in a solution. The more the protein concentration is 
increased, the more easily a dimensional network of gel is formed. Thus, a higher protein concentration facilitates the 
gelation of the protein and leads to a gel having a higher breaking load. For example, in the present invention, if a 12% 
protein solution with pH 3.0 is used, a gel having a breaking load of 25 gf/cm 2 or more can be obtained by heating the 

55 solution as it is. On the other hand, if a 5% protein solution with pH 3.0 is used, a gel can not be obtained by heating 
the solution as it is. In the latter case, a gel having 25 gf/cm 2 or more can be produced by adjusting the pH close to 
the isoelectric point, for example elevating close to pH 4.5 (the treatment A), or elevating the pH to 3.5 and adding 
sodium chloride so that the concentration is 1 00 mM (a combination of the treatment A and the treatment C), and then 
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heating the solutbrUn other words, even if the protein concentration is low, the gelation is accomplished by carrying 

va" riel ZtZ* ^""T* ^ (B) ' (C) and (D) ' ° ptimum conditio " ° f «« treatment required for the geS ion 
ml Zl ,? y ° n Pr0t . e ' " ?° ! ncentrat,on - Altnou 9" tne <>P^um condition a.so may vary slightly depending on a 
method for producing an ac.d-so.uble soybean protein or a production lot, the ge.ation is promoted by each treatment 

[0021] Hereinafter, the protein concentration and pH suitable for galation, and the amounts to be added of an acid 
having two or more acid groups in one molecule or a salt thereof, a salt of an acid other than the above acid and an 
an.omc polymerwi.l be described. The protein concentration is 4-20% by weight of the solid content. Preferred is 6-1 8% 
by weight because gelation is easier. When the protein concentration is above 4%, a gel having a breaking load of 25 

S2t h r^ Tut Pr ° d , UCed *7 Carty>ng ° Ut 31 ^ ° ne ° f the treatment < A > 10 < D > ,f the P rotein concentration is 
h.gh.thev.scos.tyofthep^ 

paste and the paste may be defoamed and then heated. However, if the protein concentration is more than 20% by 
becomes poTr 008 Pr ° t6in S °' Uti ° n * **** * r6mar1<ably hi 9 n and thereb V the efficiency of subsequent work 

is [0022] In the treatment (B), the phrase "acid having two or more acid groups in one molecule or a salt thereof can 
be clearly replaced by the phrase "acid or a salt thereof having two or more dissociated acid groups in one macule'' 
,n a solut.cn containing the protein of the present invention. As described above, the acid or salt has so to speak hlo 
t°o nm r l n t! 9 tH V . ^ handsand via these hands P° sitive| y barged proteins are linked (bridged) to each other 
WhlnThS nh 9 w 31 ' eaSt IWO ° r m ° re ° f add 9r0Ups need to be dissociated and negatively charged 

of A orTsZTtsa* Zoo" US ' n9 nUmeriCa ' ^ * " ^ ^ * CO " Stant (- »"0 PK^ 

as long as rt can be used for food, and typically includes tripolyphosphoric acid, sulfuric acid, hexametaphosphonc 

0 1 i o" mM Z " C r KrT? S3,tS th6re0f • ThS am ° Unt l ° bS addSd 0f the acid or a sa » theSofis suiX 

0.1-10 mM more preferably 0.5-5.0 mM. For example, citric acid has three acid groups, but it has P K 2 of 4 3 Thus 

no y b r a r b ' e tr UP " ?T fr ° m Citrb add " thS Pr ° t6in S ° IUti ° n ° f the P-sentinvention, and citric acid dose 
not bndge between proteins and is not included in the above-described acid 

[0024] In the treatment (C), the concentration of a salt (except for "a salt of an acid having two or more dissociated 
acid groups in one molecule") suitable for gelation is 5-200 mM, more preferably 10-100 mM. If the inc«SSfe 
higher than 100 mM, flavor from the salt is strong and the flavor needs to be improved The salt used in ^t s not 
particulariy limited as long as it can be used for food, excluding the sat, of the abo ve-describe^ "acS having^o o 
more d.ssoaated acid groups in one molecule or a salt thereof". A usual salt such as sodium satt or potessfum sal 
can be used as the salt. Its anion and cation are also not particularly limited. The sa.t may be a sa o weak acid or a 

and?hf . r r 9 r ^'i S ° diUm Chl0ride ' P ° taSSiUm Ch ' 0ride - sodium P h0S P nate <P K 2 or Phosphoric acw s 7 i) 

A sa n lf w^ SP6 H 9 V ; ? UO " °' 8 8311 ° f ^ 3Cid h3S a " e " eCt °' ad i ustin 9 the P H ° f the Motion to alkaline s2 
A salt of weak acid includes a salt of citric acid and a salt of gluconic acid 

[0025] In the ^treatment (D). the amount to be added of an anionic polymer suitable for gelation is 2-30% by weight 

iZTr lr H ' H 6i9ht ' ° n 1 °° % by Wei9ht ° f the Pr ° tein - The ° ptimum amount to be added o In 2 
be uTed fe^ tend h r ^ ° f S3id ani ° niC P ° ,ymer iS nDt P articu '^V » m «ed as long as it can 

polysaccharide " * °* ? oi V a ™" s such as P<**" and water-so.ub.e soybean 

coS te o'I'S?? a ': d " S °' Uble SOybean P rotein may ^ a solution in a mixture of water and alcohol. The aJcoho. 
content is 0.5-20% by weight, preferably 1 8% by weight or less and it is suitable forfood. The alcohol is not particularly 

- oT be ruSrseT" * *' f ° 0d ^ * *" S °^° ^ Therefore, a'ny 1^1 

includes an O/W type emulsion wherein the outer layer is water and the inner layer is oil. Therefore an emuS o 
alcohol-contaming emulsion may be used in place of the solution. Oil contained in the emulsion or alc^onZZ 
emulsion k not particu.arty limited as long as it is edible. The amount of oil is a.so not particulariy .imtted However in 
cooperation of energy ba.ance, the amount of oil corresponds to preferably 1-50% especialy 7-30% o7Z total 
Sr^i ! C h ^r 3 ! ^ Carri6d ° Ut by 3 conventional "omogenization method using'a hign presLe^e- 
mzsr or the hke and at that time, an emulsifying agentmay be used or the emulsifying ability of the acid-soluble sXan 
protein may be ut.hzed without using an emulsifying agent. The emulsion thus obtained^ cloudy, but tt ma inSns *e 
gelation property. An emulsified gelprepared from theemu.sion is alsocloudy and has characterisLo smoSee Jg 
on the tongue and a light texture like mousse or bavarois. "uuinieeiing 

So? 81 ^If" 9 iS ° arried ° Ut 31 6 °° C ° r m0re ' P referab| y at 70 °C or more.The heating time is 10 minutes or more 
preferably 20 minutes or more. A longer heating time leads to formation of a stronger gel having a bigger breTkinq 
load. However, in consideration of workability, the heating time is suitably 2 hours or less. The Seating may be a s' 
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retort heating. The gel thus obtained has a breaking load of 25 gf/cm 2 or more and has a shape-retaining property. By 
changing gelation conditions gel having the desired texture including a soft texture like commercially available pudding, 
jelly, bavarois, silken tofu or the like and a resilient texture like mannan jelly, gummy or the like can be prepared according 
to the purpose. 

5 [0029] The gel of the present invention is a so-called heat-set gel that is formed by heating, and is an irreversible 
gel that is not melted by heating again (boil heating or retort heating). Further, syneresis is not observed during freezing 
and thawing of the gel. In addition to such functional advantages, the gel is nutritionally preferred because it contains 
a high concentration of protein. These advantages are excellent characteristics, which are not found in generally known 
gelling agents, for example, heat-reversible gelling agents such as agar, carrageenan and gelatin. 

w [0030] Representative example of a protein material that is commercially available as food grade and is soluble in 
the acid range is milk whey protein. Milk whey protein is also gelated by heating in the acid range. However, compared 
with the gel prepared from the acid-soluble soybean protein of the present invention, a gel prepared from milk whey 
protein is weak and not resilient, even if it has the same protein concentration as the gel of the present invention. The 
gel of the acid-soluble soybean protein of the present invention is a novel gel of vegetable protein which has heat 

15 resistance and acid resistance and which can be prepared so as to have a variety of texture. 

[0031] The gel foods of the present invention are produced by the gelation of the acid-soluble soybean protein itself, 
wherein the gelation particularly does not require a thickening agent or a gelling agent. Of course, a gelling agent such 
as agar or gelatin or a thickening agent such as locust bean gum or guar gum may be also used for the purpose of 
diversification of texture and the like. A feature of the present invention is that not opaque gel foods like tofu or pudding, 

20 but transparent gel foods like jelly are obtained by using a soybean protein having high solubility in the acid range, 
except in the case where the gel prepared according to the present invention is an emulsified gel containing oil. Ac- 
cording to the present invention, however, gel foods having poor transparency like pudding can be also produced easily. 
[0032] The gel of the present invention may contain a flavoring agent, fruit juice, sweetening, flavor and the like which 
are conventionally used for acidic food or beverage. 

25 

<Breaking ioad> 

[0033] In the present invention, a breaking load was measured by TexoGraph (Japan Food Research & Development 
Institute CO., LTD.) as an index of gel strength. Measurement was carried cut using a cylindrical plunger with a diameter 
30 of 0.25 cm 2 for a gel having a thickness of 2 mm. 

<Strain Rate> 

[0034] In the present invention, a strain rate is expressed as the proportion of the thickness of a breaking point to 
35 the thickness of a sample and is an index of breaking resistance. A gel having a high strain rate is resilient and a gel 
having a low strain rate is fragile. A strain rate was measured by TexoGraph (Japan Food Research & Development 
Institute CO., LTD.) using a cylindrical plunger with a diameter of 0.25 cm 2 for a gel having a thickness of 2 mm. 

<Gel Transmittance> 

40 

[0035] In the present invention, the transmittance (%T) of a gel was measured by placing a protein solution in a 1 
cm cell before heating, heating it under a condition given in each example, and then measuring the transmittance of 
the resulting gel with a spectrophotometer at 600 nm. 

45 < Phytic Acid Content> 

[0036] The content of phytic acid and a salt thereof was determined by directly measuring the phytic acid content in 
a solution according to Alii Mohamed's method (Cereal Chemistry 63,475,1986). 

[0037] Hereinafter, the embodiment of the present invention will be specifically illustrated by referring to Examples. 
50 However, the technical scope of the present invention is not limited to the Examples. 

<Preparation Example> 

Acid-soluble soybean protein 

55 

[0038] Soybeans were compressed and the oil was extracted from the soybeans using n-hexane as an extraction 
solvent and then removed. To 5 kg of the resulting low-denatured defatted soybeans (nitrogen soluble index (NSI): 
91 ), 35 kg of water was added. The mixture was adjusted to pH 7 with a diluted sodium hydroxide solution, extracted 
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with starring at room temperature for 1 hour and then centrifuged at 4,000 G to separate okara (bean curd lees) and 
insoluble matter from defatted soybean milk. The defatted soybean milk was adjusted to P H 4.5 with phosphoric acid 
and centnfuged at 2,000 G with a continuous centrifugal separator (decanter) to obtain an insoluble fraction <aS 

" a T«^^ 

Zl IT T'k aC,d -P rec, P |tatin 9 s,urf y- ^e slurry was adjusted to pH 4.0 with phosphoric acid and 

then warmed I to 40-C To the resultant solution (phytic acid content: 1.96% by weight/solid content; TCA solubility 
4.6/o) was added about 8 units/solid content of phytase ("Sumizyme PHY" manufactured by Shin Nippon Chemical 
J. !"J enZymatic reaction was camed out for 30 minutes. After completion of the reaction, the reaction 
rSXfSS hi ZT l , T % bV Wei 9 ht/so,id "^CA solubility: not changed substantially) was adS 

o Z Z f ? ? 5 T^* 8 C ° ntinUOUS direCt h6at ste ri.ization apparatus, and then spray-dried 

Loo/ ?Th ifS T k, k S °^ ean Pr ° tein P ° Wder ThB Pr ° tein had 3 S0,ubilit y of 95% and a transmittal of 
60 /cT. The acd-soluble soybean protein obtained in the preparation example was used for experiments of the following 



Experimental Example> 

[0039] The following experiments were carried out in orderto examine an effect of each factor (protein concentration 
pH. salt concentration, heating temperature, and heating time) on the gelation of soybean protein. Each gel sample 
was prepared from an aqueous solution of the acid-soluble soybean protein obtained in the preparation exampfe by 

2Zr2 1 Tl the n a ?f ° f S °' id 8 " 1 6% by WSi9ht ' PH 3 - 5 " 4 - 5 < ad ' usted with a sodium hXide 

solution), salt concentration 0-150 mM, heating temperature 60-90'C, or heating time 10-90 minutes A method of 

It* " f " f ° l,0Win9 - F ° r 6XamP,e - in ° rder t0 P>epare an a ^— acid-so«ub.e S^SLS 
so IfbTJ Zl T Concentrat,on of 8% b V ^ight; PH 4.0 and a satt concentration of 50 mM, an aqueous acid- 

h^rnviH y f a " P !"l S " With 3 S °' id C ° ntent ° f 8% by wei 9 ht was ad J usted to P H 4 ° with a 20% sodium 
unffZ n;^* k r ere L° added S ° diUm Ch, ° ride S ° that the ooncentration was 25 mM. After stirring until a 
uniform mixture was obtained, the mixture was heated at 80»C for 30 minutes in a thermostatic chamber and cooled 

r h ™T 9 h l ° ° btain r a 9Gl SamP ' e - EaCh 961 Samp,e waS measured °y the above-mentioned TexoGraph and 
2^T* Were , Sh t OWn Tab,SS 1 10 5 Th6Se reSUltS Sh ° W th3t increasin 9 the P rotein s °lid content, adjusting pH 
2 TJhI J, P Tj ° r f mcreasin 9 tne salt concentration leads to an increase of the gel strength (an elevatL 

of the break ng load) and therefore promotion of gelation. When each factor is out of the range suitable for gelation 

SiXST" Pr ° tein J S ° bSe,Ved - F ° r SXamp,e ' increas ing PH to the isoe.ectric point or increasing the salt con- 
th ZT1 1° mU °. T h ag9regation of P ratein - ,n addition - synergistic effect is found when an increase of 
the protein concentration and the suitable conditions of the other factors are used in combination The heatinq tem- 

T°\ C T 0 :!' Pre,erably 70 ° C " m ° re - The hSatin9 time ma * be 10 minutes or more As seen rom 
the results, the breaking load keeps increasing at least for 90 minutes. 
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and gel properties 


Protein 
concentration 
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PH 


Salt 
concentration 
mM 


Temperature 
°C 


Time min 


Breaking 
load gf/cm 2 


Strain rate 
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Transparency 


8 
10 
12 
14 
16 


3.5 
T 
T 
T 
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25 
T 
T 
T 
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80 
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T 
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T 
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pH and gel prof 
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Protein 
concentration 
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PH 
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mM 


Temperature 
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Time min 


Breaking 
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Transparency 
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3.5 
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26 


46 
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Table 2 (continued) 



pH and gel properties 
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PH 


Salt 


Temperature 


Time min 


Breaking 


Strain rate 


Transparency 


concentration 




concentration 


°C 




load gf/cm 2 
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mM 
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3.75 
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58 


48 
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. T 
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43 
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147 


40 
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Salt concentration and gel properties 
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PH 


Salt 


Temperature 


Tune min 


•Breaking 


Strain rate 


Transparency 
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concentration 


°C 




load gf/cm 2 
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% 




mM 
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Breaking point is not 
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48 
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T 


T 


108 


51 


T/C 
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150 
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Heating temperature and gel properties 


Protein 


PH 


Salt 


Temperature 


Time min 


Breaking 


Strain rate 


Transparency 


concentration 




concentration 


°C 




load gf/cm 2 
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% 




mM 
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3.75 


50 


60 
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36 
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■ T 


T 
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T 


64 


54 
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Heating time and gel properties 
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PH 


Salt 


Temperature 
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Transparency 


concentration 




concentration 


°C 




load gf/cm 2 
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% 




mM 
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50 
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Evaluation of transparency 



[0040] 

T: Transparent, Transmittance of 10%T or more 
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T/C: Translucence, Transmittance of 1%Tto less than 10%T 
C: White turbidity, Transmittance of less than 1 %T 

Example 1 : High concentration gel 

[0041] The acid-soluble soybean protein obtained in the above preparation example was cut with a food cutter to 
prepare paste with a solid content of 14% by weight. To the paste, 0.03% of Sucralose (San-Ei Gen F.F.I Inc) and 
0.2% of orange flavor (International Flavors & Fragrances Inc.) were added and the mixture was homogenized and 
defoamed. The mixture was put in a heat-resisting container, and then heated at 80°C for 30 minutes in a thermostatic 
chamber. The resulting gel food was clear and the texture was suitably resilient and desirable. 

Example 2: pH adjustment and addition of a salt 

[0042] An aqueous solution (solid content: 9% by weight) of the acid-soluble soybean protein obtained in the above 
preparation example was adjusted to pH 3.75 with a 20% sodium hydroxide solution and thereto sodium chloride was 
added so that the concentration was 50 mM. To the mixture, 0.03% of Sucralose (San-Ei Gen F F I Inc ) and 0 2% of 
blueberry flavor (International Flavors & Fragrances Inc.) were added The mixture was stirred to obtain a uniform 
mixture, put in a heat-resisting container, and then heated at 80°C for 30 minutes in a thermostatic chamber The 
resulting gel food had a transmission of 40%T and was clear. The gel food can be spooned and had a sufficient shape- 
20 retaining property and suitable resilience. 

Example 3: Addition of a salt of weak acid 



10 



15 



25 



30 



35 



40 



45 



50 



55 



[0043] An aqueous solution (solid content: 12% by weight) of the acid-soluble soybean protein obtained in the above 
preparation example was adjusted to pH 4 with sodium citrate and thereto 0.02% of Sucralose (San-Ei Gen F.F I Inc ) 
and 0.2% of muscat flavor (International Flavors & Fragrances Inc.) were added. The mixture was stirred to obtain a 
uniform mixture put in. a heat-resisting container, and then heated at 80°C and for 1 hour in a thermostatic chamber 
to obtain a gel having a breaking load of 1 20 gf/cm 2 . 

Example 4: Addition of an acid having two or more acid groups in one molecule 

[0044] An aqueous solution (solid content: 9% by weight) of the acid-soluble soybean protein obtained in the above 
preparation example was adjusted to pH 4 with a 20% sodium hydroxide solution and then divided into two equal parts 
To one part was added sodium hexametaphosphate (KISHIDA CHEMICAL CO., LTD) so that the concentration was 
1 .4 mM. To the other part was added a 50% phytic acid solution (KISHIDA CHEMICAL CO., LTD) so that the concen- 
tration was 1.0 mM. Each mixture was stirred to obtain a uniform mixture, put in a heat-resisting container and then 
heated at 80°C for 1 hour in a thermostatic chamber to obtain a gel having a breaking load of 90 gf/cm 2 in the former 
case or a gel having a breaking load of 95 gf/cm 2 in the latter case. The both resulting gels were clear and had suitable 
resilience. 

Example 5: Addition of a polyanion 

[0045] To an aqueous solution (solid content: 7% by weight; pH 3.5) of the acid-soluble soybean protein obtained in 

^YAnRrf^fM^ro^^ add6d 3 water - so,uble sovb ea" polysaccharide which is an anionic polymer 
(SOYAFIBE; FUJI OIL CO., LTD) so that the concentration was 0.15%. The mixture was stirred to obtain a uniform 
mixture, put in a heat-resisting container, and then heated at 80°C for 1 hour in a thermostatic chamber to obtain a gel 
having a breaking load of 90 gf/cm 2 . The resulting gel was clear and had suitable resilience and the desirable texture. 

Example 6: Addition of a salt of weak acid (Change of pH by heating) 

[0046] To an aqueous solution (solid content: 5% by weight; pH 3.5) of the acid-soluble soybean protein obtained in 
the above preparation example was added calcium citrate so that the concentration was 20 mM. The mixture was 
stirred. At that time, the added calcium citrate remained insoluble as white precipitates. The mixture was put in a heat- 
res.stmg container and then heated at 80°C for 1 hour in a thermostatic chamber to obtain a gel having a breaking 
load of 27 gf/cm 2 . The resulting gel had pH 4.3 because the calcium citrate was dissolved by heating and then the pH 
was elevated. The resulting gel was clear, can be spooned, and had a sufficient shape-retaining property 
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Example 7: Emulsified gel 

[0047] A mixture of 12% by weight of the acid-soluble soybean protein obtained in the preparation example, 12% by 
weight of palm oil, 0.2% by weight of yogurt flavor, and 0.01% by weight of Sucralose (San-Ei Gen F.F.I. , Inc.) was 
emulsified by mixing with a food cutter. The resulting emulsion (pH 3.5) was defoamed, put in a heat-resisting container 
and then heated at 80°C for 30 minutes in a thermostatic chamber to obtain a cloudy gel having a breaking load of 
125 gf/cm 2 . The gel had a smooth mousse-like preferred texture. 

Example 8: Alcohol-containing gel 

[0048] Into commercially available white wine (alcohol content: 11-12%) was dissolved the acid-soluble soybean 
protein obtained in the above preparation example so that the protein solid content was 9% by weight. The solution 
was adjusted to pH 3.9 with a 20% sodium hydroxide solution and thereto was added 0.03%'of Sucralose (San-Ei Gen 
F.F.I. , Inc.). The mixture was put in a heat-resisting container and then heated at 80°C for 1 hour in a thermostatic 
chamber. The resulting gel maintained the transparency of white wine and therefore was clear. The texture was suitably 
resilient and fragile, and therefore it was desirable. 

Example 9: Combination use of a polysaccharide 

[0049] Using the acid-soluble soybean protein obtained in the preparation example, as described in the above ex- 
perimental example, a protein solution with a protein solid content of 9% by weight, pH 3.75 and a sodium chloride 
concentration of 50 mM was prepared. The solution was divided into two equal parts. To one part was added 0.4% of 
locust bean gum (San-Ei Gen F.F.I., Inc.) and to the other part was added 0.6% of Glucomannan (Reox RS Shimizu 
Chemical Corporation). Each mixture was stirred thoroughly to obtain a solution. The solution was put in a heat-resisting 
container and then heated at 80°C and for 30 minutes in a thermostatic chamber. The both resulting gel foods were 
clear similarly to a gel not containing a polysaccharide obtained in the experimental example. The resulting gel con- 
taining locust bean gum had a breaking load of 1 03 gf/cm 2 and a strain rate of 73%. The gel containing Glucomannan 
had a breaking load of 112 gf/cm 2 and a strain rate of 65%. The Both gels had increased resilience and hardness 
compared with the gel food obtained in the experimental example (breaking load: 66 gf/cm 2 ; strain rate: 53%). The gel 
containing locust bean gum could be more pleasantly bitten off. On the other hand, the gel containing Glucomannan 
had a slightly glutinous rice cake-like texture. Thus, the texture of a gel could be changed by adding a polysaccharide. 

Example 10: Addition of sugar 

[0050] The acid-soluble soybean protein obtained in the above preparation example was cut with a food cutter to 
prepare paste with a solid content of 14% weight. To the paste, 16% of Glucose- Fructose Syrup (Ninon Cornstarch 
corporation) and 0.2% of orange flavor were added. The mixture was homogenized, defoamed, put in a heat-resisting 
container, and then heated at 80°C for 30 minutes in a thermostatic chamber. The resulting gel food had a breaking 
load of 461 gf/cm 2 and a strain rate of 71%. The gel was resilient and could be pleasantly bitten off compared with the 
gel food obtained in Example 1 (breaking load: 352 gf/cm 2 ; strain rate: 69%). The gel became clearer by adding sugar. 

Comparative example 1 : Commercially available isolated soybean protein 

[0051] The solubility of a commercially available isolated soybean protein (FUJIPRO E; FUJI OIL CO., LTD) under 
acid condition and the breaking toad of a gel of the protein were measured. The isolated soybean protein and water 
were mixed with a food cutter and then defoamed to obtain paste with a solid content of 14% by weight The paste 
was adjusted to pH 3.5 with phosphoric acid. The paste was put in a casing tube and then heated at 80°C for 30 
minutes in a thermostatic chamber to obtain a gel. The results are shown in Fig. 1 and Fig. 2. The solubility of the 
isolated soybean protein was low, 17%. The resulting gel was weak gel whose breaking point could not be detected. 
Even when the soybean protein solution was adjusted within pH 3.0-4.5 or 200 mM of sodium chloride was added to 
the solution, the protein did not gelate or aggregated. 

Comparative example 2: Commercially available whey protein 

[0052] The solubility of comriiercially available milk whey proteins under acid condition and the breaking loads of 
gels of the proteins were measured. PROVON 1 90 (Nissei-Kyoeki, Inc.) and Carbelac Isolac (Nissei-Kyoeki, Inc.) as 
a whey protein isolate (WPI), and Sunlact N5 (Taiyo Kagaku Co. ; Ltd), Enlact HG (Nippon Shinyaku Co., Ltd) and 
Milpro L-1 (San-Ei Gen F.F.I. , Inc.) as a whey protein concentrate (WPC) were used. A method of preparing a gel and 
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condition for gelation (protein concentration, pH) were the same as the comparative example 1. The results are 
shown in Fig. 3 and Fig. 4. The examined soybean proteins except Milpro L-1 had a solubility of 90% or more and were 
found that they were dissolved similarly to the acid-soluble soybean protein. However, the al. WPCs did not gelate 
The WPIs gelated. However, the gels of WPIs had a breaking .oad of 50-70 gf/cm* and a strain rate of 30-40% and 
herefore hey were very weak and had unsatisfactory texture compared with the acid-soluble soybean protein gel 
(breaking load: 340 gf/cm 2 ; strain rate: 69%). B ™ 

[0053] When a solution of PROVON 1 90 was adjusted to pH 3.0-4.5, it aggregated above pH 3.6 and it gelated at 
pH 3.6 or less, but the gel was weak and fragile. Even when 200 mM of sodium ch.oride was added to the solution 
the resulting gel was not .mproved in the breaking load and texture and therefore it remained weak and fragile. 

Industrial Applicability 

[0054] The present invention provides novel acidic gel foods of soybean protein, particularly jelly-like foods whose 
texture and throat feeling are enjoyable. The gel foods of the present invention are highly nutritious vegetable gel foods 
comprising a high concentration of soybean protein. In addition, by changing gelation condition, the gel foods having 
various textures can be obtained. "oving 



Claims 



20 



1. A process for producing acidic gel foods of soybean protein, which comprises heating a 4-20% by weight solution 
of an acd-soluble soybean protein in water or a mixture of water and alcohol with pH 3.0-4.5 as if is or after 
subjecting said solution to any one or more of (A) adjustment of said solution to pH 3.0-4.5, (B) addition of an acid 
having two or more acid groups in one molecule or a salt thereof, (C) addition of a salt of an acid other than the 
acid used in (B), and (D) addition of an anionic polymer. 

2. The process for producing acidic gel foods of soybean protein according to claim 1, wherein the acid-soluble 
soybean protein has a solubility of 90% or more at pH 4.5 or lower! 

3. The process for producing acidic gel foods of soybean protein according to claim 1 , wherein the amount of the 
acid or a salt thereof added in (B) is 0.1-10 mM. 

4 " ISded^?) IrsTolTmM 9 3CidiC f °° dS ° f SOybean Pr ° tein acCOrdin9 10 claim 1 ■ wherein the amoL »« of the salt 

5. The process for producing acidic gel foods of soybean protein according to claim 1 , wherein the amount added of 
the anionic polymer is 2-30% by weight of the amount of the protein. 

4C 6 ' I!rr^ S prod ( UCi "9 acidic 9 el foods «* s °y°^" P«*ein according to claim 1 , wherein the heating is carried 
w out at 60 C or more for 1 0 minutes or more. 

7. Acidic gel foods which are obtained by the process according to any one of claims 1 to 6. 
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